Abstract The present study was aimed to explore the traditional knowledge of Irula tribal people who are practicing herbal medicine in Walayar valley, the Southern Western Ghats, India. A total number of 146 species of plants distributed in 122 genera belonging to 58 families were identified as commonly used ethnomedicinal plants by them. Interestingly, 26 new claims were also made in the present study. Through the data obtained from Irula tribal healers, the herbs were mostly used for medicine (40.4%) followed by trees (26.7%) and climbers (18.5%). In addition leaves were highly used for medicinal purposes, collected from 55 species (38%) followed by multiple parts from 18 species (12%). Acorus calamus is the species of higher use value (1.80) assessed to be prescribed most commonly for the treatment of cough. High informant consensus factor (1.0) obtained for insecticidal uses and cooling agent indicates that the usage of Canarium strictum and Melia dubia, and Mimosa pudica and Sesamum indicum respectively for that purposes had obtained high degree of agreement among the healers in using these species for the respective purposes. The most commonly used method of preparation was decoction (63%) followed by raw form (23%), paste (12%) and powder (2%). Therefore, it is suggested to take-up pharmacological and phytochemical studies to evaluate the species to confirm the traditional knowledge of Irulas on medicinal plants. 
Introduction
Since few centuries, it is reported that about one fourth of the common drugs used worldwide are derived from plants (Ernst, 2005) . Among the top 252 common formulations of the drugs, 219 are obtained from plants alone (Dobson, 1995) . As the indigenous people are the more reliable source of information on medicinal plants (Iwu et al., 1999) , for the past few decades, use of ethnobotanical information in medicinal plant research has gained great attention among the scientific community (Heinrich, 1999) . Documentation of ethnobotanical species for further scientific validation and subsequent processing for commercialization in India are also getting importance in recent decades (Venkatasamy et al., 2010; Arunachalam and Parimelazhagan, 2011; Ayyanar and Ignacimuthu, 2011; Senthilkumar et al., 2013; Pushpakarani and Natarajan, 2014) . India, the megabiodiversity nation is not only endowed with a variety of flora and fauna but also has several ethnic communitiesv. By practicing and using the plants for thousands of years, the ethnic and aboriginal people have gained immense practical knowledge about the medicinal plants (Pullaiah et al., 2003) .
Western Ghats, the biodiversity hotspot and medicinal plants emporium of India harbours about 3500 plant species of therapeutic importance, and many of them are still used by several tribal communities for their health care particularly for first aid remedies (Abraham, 1981; Nair and Jayakumar, 2003) . Richness of medicinal plants in the Western Ghats parts of Coimbatore and Nilgiri districts of Tamil Nadu is high due to the existence of varied types of ecosystems in this landscape (Ramachandran, 2007) . Irulas, Thodas, Malasars, Muduvas and Puliars are the major tribal communities in this part doing effective medical practice by using plants (Paulsamy, 2004) . However, few reports on ethnobotanical information without much quantitative analysis are only available for this region (Umapriya et al., 2011; Rasingam, 2012) . Assessment of information on medicinal plants provided by tribal healers is most required as it gives additional support to know the level of healing property of plants. Irulas, one of the 615 tribal communities of India are living in different topographic habitats (plains, mountains, valleys etc. in Tamil Nadu) and also in the Walayar valley and foothills of Siruvani hills of Southern Western Ghats (Edgar, 1909) . Using plants for their daytoday health problems is the common medical practice among them (Karthikeyani, 2003) . Despite this ethnobotanical significance, no reports are available on medicinal plants used by the Irulas of Walayar valley. To address this lacuna, documentation and quantitative analysis were made in Walayar valley, among the Irula tribals to explore their traditional knowledge on plants for medicinal uses.
Materials and methods

Study area and the tribal community
The study area, Walayar Valley, located in lower Western Ghats of Coimbatore district, Tamil Nadu State and Palghat district, Kerala State and the Palghat gap of both States covers an area of ca.12500 ha (ca. 4200 ha in Tamil Nadu and 8300 ha in Kerala) between the altitude 370 and 450 m above msl. The geographical location of Walayar valley is 10°77 0 0-3 00 N and 76°51 0 06-10 00 E (Fig. 1) . In this landscape, ca. 55% of the geographical area occupied by moist tropical semi-evergreen forest dominated by the tree species, Chloroxylon swietenia (Champion and Seth, 1968 ) is a protected forest for biodiversity conservation. The only inhabitant, Irula tribal community is permitted to do agriculture and collection of minor forest produce for their own use without posing any problem to species diversity. The Walayar river runs across the valley and its environ occupies ca. 2% of geographical area of this region. The agricultural land around the forests in this valley spreads over an area of ca. 40% of total geographical area. Annual rainfall ranges between 1500 and 2200 mm for the past 15 years.
The population of Irula tribals in Walayar valley is ca. 470, distributed in six hamlets each consists of 6-15 families. According to anthropological literature, Irula, one of the oldest tribal communities of India belongs to the Negrito race (migrated from Africa) which is one among the six ethnic groups that add to the racial mosaic of India (Von, 1982) . Few elders in this community have the knowledge on medicinal uses of plants which are used mainly for first aid remedies like stomach problems, fever, headache, skin problems, etc.
Data collection
Six field visits were made in Walayar valley for getting ethnobotanical information during the period between October, 2013 and May, 2015 in all the six Irula habitations. Totally five ageold healers of in-depth knowledge on medicinal plants were identified for collecting information by interrogations. To determine the difference in knowledge among the Irula people, we cross checked the information collected with the other informants. The number of times, the healers repeated the same use of the plants was noted. For documenting the ethnobotanical information, field data sheet has been prepared and used. Local name of the plant, parts used for treatment, preparation methods, other plants used as ingredients, mode of administration etc., were collected for all medicinal plants used by Irulas. The plant species were identified with the help of keys provided in 'The Flora of Presidency of Madras' (Gamble and Fischer, 1935) and 'The Flora of Tamil Nadu Carnatic' (Matthew, 1983) . Identified species were confirmed with Dr. V. Balasubramaniam, Plant Taxonomist in the Botany Department of Kongunadu Arts and Science College, Coimbatore. Herbarium specimens are maintained in the Botany Department of the College.
Ailment categories
Sixteen ailment categories were grouped (Cook, 1995) as presented elsewhere (Venkatachalapathi et al., 2016) on basis of the information provided by the Irula healers of Walayar valley.
Analysis of data
Informant consensus factor (F ic ) was used to know the level of consensus among the informants or healers on the use of a plant for a particular ailment category. The Use Value (UV) is importance of a species in terms of its use in herbal remedy in relation to other species. Fidelity level (FL) is a tool to determine the most frequently used plant species as per the informants for the treatment of a disease in a particular ailment category. The UV, F ic and FL were calculated as per the formula of Trotter and Logan (1986) , Phillips et al. (1994) and Friedmen et al. (1986) respectively.
Results
The Irula tribes of Walayar valley utilized a large number of 146 species of 122 genera belonging to 58 families for the treatment of various medicaments (Table 1) . One of the interesting observations made in the study is that among the 146 ethnomedicinal plants, 26 claims from the species like Acacia leucophloea, Alstonia venenata, Artocarpus heterophyllus, Carissa spinarum, Curculigo orchioides, Hybanthus enneaspermus, Melia dubia and Solena amplexicaulis etc. are new and are reported for the first time (Table 1) . Among the medicinal plant families represented, Fabaceae registered more number of 16 species followed by Euphorbiaceae (9 species), Lamiaceae (7 species) and Asclepiadaceae (6 species). Through the data obtained from life-form analysis, incidence of herbs (40.4%) were the primary source of medicine followed by trees (26.7%) and climbers (18.5%) (Fig. 2) . In addition, among the utilization of various plant parts investigated, leaves of greater number of 55 species followed by whole plant (16 species), fruits (13 species) and rhizomes (12 species) were used by the tribal community for the treatment of common ailments such as cold, cough, jaundice, rheumatism etc. (Fig. 3) . However, 18 species were exploited for their multiple usage in herbal remedy. They were administered either alone or in combination with parts of other species (Table 2) . Generally, they were prescribed as decoction (63%), raw form (23%), paste (12%) and powders (2%) (Fig. 4) .
Evidently, the current study documents, Acorus calamus as the most commonly used species prescribed for the treatment of cough by the Irula tribes with highest use value of 1.80 (Table 1) . Other important species with high use value more than 1.20 were Abrus precatorius, Acacia leucophloea, Aerva lanata, Albizia amara, Cardiospermum canescens, Cassia auriculata, Dioscorea oppositifolia, Enicostemma littorale, Justicia adhatoda, Mimosa pudica, Mukia maderaspatana, Ocimum sanctum, Phyllanthus amarus, Piper betle, Plectranthus amboinicus, Plumbago zeylanica, Solanum surattense, Solena amplexicaulis, Syzygium cumini and Vitex negundo (Table 1) . For employing informant consensus factor (F ic ), more than 50 use-reports were obtained for certain ailment categories viz., dermatological infections (82 use-reports, 45 species), skeleto-muscular system disorders (54 use-reports, 29 species) and gastro-intestinal ailments (50 use-reports, 30 species) (Table 3 ) and their F ic values ranged between 0.10 and 1.0 (Table 3) . In this study, high F ic value was obtained for insecticidal uses (1.0) and cooling agent (0.85), whereas lower F ic was obtained for endocrinal disorders, especially diabetes (0.10). It was found that the Irula tribals commonly apply bark powders of Canarium strictum and Melia dubia for mosquito repellency and Mimosa pudica and Sesamum indicum as body coolant in Walayar valley. Appreciably, it has been determined that a high number of 100 species have obtained 100% fidelity and were highly preferred for treating particular ailments (Table 1) .
Discussion
The information on therapeutic uses of 146 species (Table 1) collected from the Irula tribal community of Walayar valley was compared with that of the early publications (Rajendran and Henry, 1994; Vashistha, 2015) . In this content, 26 new claims were documented and are reported for the first time in this study (Table 1) . Remaining species were already reported for their various medicinal uses (Jain and Goel, 1995; Yesodharana and Sujana, 2007; Sanjeev et al., 2015) . Among the 58 families represented, Fabaceae manifested the first dominant family in terms of species richness followed by Euphorbiaceae, Lamiaceae and Asclepiadaceae (Table 1) . It has been reported already that the members of these families, owing to rich variety of secondary metabolites and Lamiaceae members due to more types of volatile oils are getting importance in healing the illness (Sanjeev et al., 2015) . From the lifeform analysis, herbs were found to be the most common functional group of plants followed by trees and climbers (Fig. 2) . In general, richness of herbaceous species than any other lifeforms is higher in any natural community which may lead to more use of herbs for medicinal purposes than the species of other habits (Giday et al., 2010; Pushpakarani and Natarajan, 2014; Swapna, 2015) . In support of this fact, Venkatachalapathi et al. (2014) , also enumerated a higher number of herbaceous species than the other life-forms in various vegetations of Attukal area of Western Ghats, an adjoining part of Walayar valley. Among the assortment of plant parts utilized, leaves were most frequently used by the Irula tribal community for healing purpose (Fig. 3) . These results were in accordance with previous literatures that several traditional healers prescribe mainly the leaves for the preparation of medicines (Gonzalez et al., 2010; Amjad et al., 2015) . Umapriya et al. (2011) found that the Irula tribals of Palamalai hills of Coimbatore, India also utilize leaves mainly for their therapeutic applications. Perhaps a more likely explanation for the high utility of leaves is that they can be collected very easily than the other parts (Ayyanar and Ignacimuthu, 2011) . Furthermore, leaves are the active sites of photosynthesis and hence the production of a variety of bioactive entities (Bahmani et al., 2014) . Obviously, for remedies preparations decoction form was prescribed by Irulas in Walayar valley (Fig. 4) . Decoction is the major form of medicine preparation in some tribal communities worldwide (Ahirwar, 2010; Bahmani et al., 2014; Amjad et al., 2015) . Raw consumption, paste and powder forms were also prepared and prescribed by the Irulas of Walayar. Further, Irula healers informed that preparation of medicine was made by using single plant part or in combination with parts of more than one species (Table 2 ). The study revealed that a single mode of medicine preparation was more predominant (52.7%) in comparison to multiple modes (26.01%). Umapriya et al. (2011) also reported that the single mode of medicine preparation by the Irula tribe in Palamalai hills of Western Ghats, is the most common type. Similar observations for other tribal communities were documented elsewhere (Erinoso and Aworinde, 2012; Savithramma et al., 2012; Senthilkumar et al., 2013; Shosan et al., 2014) . The single mode of medicine preparation by the Irula tribe may be attributed to the presence of phytochemical constituents such as saponins, tannins, alkaloids, alkenyl phenols, flavonoids, terpenoids, phorbol esters and sesquiterpene lactones in the individual herbals which lead to the desired healing effect (Lixin et al., 2014) . A single herb may even contain more than one aforementioned phytochemical constituents which works synergistically with each other in producing pharmacological effect (Bahmani et al., 2015) . A sizeable number of 38 species used for multiple modes of preparation of medicine in the present study may be explained that certain pharmacological actions of active constituents of certain herbals are significant only when potentiated with other plants, but not evident when used alone (Parasuraman et al., 2014) . Similar to Kani tribe (Ayyanar and Ignacimuthu, 2011) , Irula tribal healers of Walayar valley utilize oils of coconut, castor, gingelly, pongam and neem for the preparation of paste. According to their traditional knowledge, certain specific plant parts were used for the preparation of medicines and they were administrated in dosage according to the age of the patients. The present study clearly demonstrated that some plants have high use value (Table 1) . Among them, Acorus calamus is the most specifically used species well recognized by all informants for the treatment of cough. Similar to our study, Arunachalam and Parimelazhagan (2011) also reported that this species is generally prescribed by the Hooralis tribes of Kadambur hills of Eastern Ghats, India for treating cough and other throat problems. Saikia et al. (2013) in Assam and Venkatachalapathi et al. (2015) in nearby Walayar valley also found that A. calamus is mainly prescribed for the treatment of cough. In contrast, certain plant species were reported to have very low use values (0.20) in the present study as they were used for very little number of specific uses (Table 1) .
Informant consensus factor (F ic )
F ic arrived for any species depends upon its availability and the knowledge of informants on medicinal plants (Venkatachalapathi et al., 2015) . In the present study, the illnesses were grouped into 16 major ailment categories and their F ic values ranged between 0.10 and 1.0 per illness category (Table 3 ). The average F ic value for all ailment categories was 0.55, indicating a moderate level of informant consensus. However, it was not comparable to that of other studies in Tamilnadu by Ragupathy et al. (2008) among the ''Malasars" of Velliangiri holy hills and Ayyanar and Ignacimuthu (2011) among the Kani tribals in Tirunelveli hills, the only two investigations with quantitative assessment in Tamil Nadu that showed the average F ic values, more than 0.70. Remarkably, high F ic obtained in the present study for the two ailment categories viz., insecticidal uses (1.0) and cooling agent (0.85), indicating a higher level of consensus among the Irula healers for the usage of species for these categories. They commonly apply bark powder of the species, Canarium strictum and Melia dubia particularly in avoiding mosquito bites through topical application. The insecticidal property category was not included in standardized illness groupings by Cook Figure 4 Percent form of medicine preparation by Irula tribe.
(1995). However, it was included in the present study, as the Irula tribes were commonly using these two species for their mosquito repellency very regularly. It may be explained that as the Walayar valley is situated in Palakkad gap of Western Ghats, rainfall through south-west monsoon is highly effective (ca. 1100 mm between June and September alone). This moist condition results in thick vegetations of various types and the wetted soil with dense plant formation becomes the favourable site for insects including mosquitos. Higher informant consensus was recorded by other workers also for certain ailment categories (Owuor and Kisangan, 2006; Black et al., 2007; Ragupathy et al., 2008; Ayyanar and Ignacimuthu, 2011; Venkatachalapathi et al., 2015) . The high F ic obtained may indicate that there may be some key phytochemical ingredients in these species which require further phytopharmacological analysis to validate the species scientifically. In our study, lower consensus factor was obtained for endocrinal disorders (F ic 0.10) which includes only one illness, diabetes (Table 3) . Logically, it may be the indicative of the lack of diabetic patients among the Irula communities of Walayar valley. However, no clinical data are made available for diabetics for the Irula tribals in Walayar area.
Fidelity level
Among the 146 plants used for medicinal purposes by the Irula tribal community, interestingly it has been determined that a high number of 100 species have obtained 100% fidelity and most of them were used for the treatment of single ailment category as per the informants (Table 1 ). This fact indicates that all these 100 species were the highly preferred plants for treating the illness of particular ailment category due to their high healing potential. In agreement with the present findings, the species viz., Acacia nilotica, Acorus calamus, Cassia auriculata, Cissus quadrangularis, Tridax procumbens and Vitex negundo available in Walayar landscape were already reported to have 100% fidelity in Tirunelveli hills (Ayyanar and Ignacimuthu, 2011) .
Conclusion
This wide spectrum of usage of 146 plant species indicates their strong traditional knowledge on medicinal plants. The moderate, average F ic value (0.55) reveals that the consensus on traditional knowledge on medicinal plants among the Irula healers of this landscape has not been shared adequately. However, consensus for certain illness categories viz., insecticidal property and cooling agent shows the effectiveness and reliability of the species viz., Canarium strictum and Melia dubia, and Mimosa pudica and Sesamum indicum on healing the respective ailment. Several new claims made in the study showed the unique knowledge of Irulas of this region on medicinal plants. Recognizing more species with high fidelity level and greater use value indicates the presence of rich varieties of phytoconstituents in these species. The species of high use value, new claims and greater fidelity level and the taxa on which higher consensus were obtained among the informants for using them in particular ailment category are suggested for further studies in the line of phytochemistry and pharmacology and hence to identify them for pharma industries.
plants. We also wish to express our gratitude to the Irula tribal healers of Walayar landscape for providing information on medicinal plants.
